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SIJMMPRY

The effects of severel spoiler arrangements on the spanwiee
variation of section twisting mcments of a wing of NACA 230-series
airfoil sections were investigated.. The spoilers”tested included

I both plain and perforated spoilers. The tests were conducted at
a Reynolds number of 7,350,000 and a Mach number of 0.245;the
tests included force and moment measurements and chordwise pressure-

.* distribution measurements at six spanwise stations.

The results of the tests indicated that the influence of a
pro~ected spoiler on the section pitching-moment coefficients
extended approximately 25 percent of the semispan inboard of the
spoiler. The maximum twisting-moment coefficients due to the
spoilers at a low angle of attack of the wing were reached at this
spanwise location.

A region of negative pressure coefficients existed directly
behind the pro~ected spoiler and Uminlshe& the positive pitching-
momenttendencies. This low pressure region became intensified
near the tip and, in some oases, caused negative local twisting
moments. Consequently, the smallest maximum twisting moment
due to a spoiler for a given rolling moment may be obtained by
locating the outboard end of the spoiler as close to the tip as
possible to take advantage of the increased balancing mcanent.

The perforations caused the pressure coefficients directly
behind the spoiler to increase, and a greate~ UEiXhIRIWistlW3
moment resulted. The rolling moments of the perfcmated and the
plain spoilers, however, were the same within the experimental
accuracy of the tests.

.—

Either an extension of the spoiler span inboard from the tip
or an increase in spoiler projection increased both the twi.sting-
moment coefficients due to the spoiler and the rolling-moment
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coefficients. For a given change In rollfng-mcment coefficient,
however, an extension of the spoiler span resulted in greater
increasOs in twisting moments &e to tie
increase In spoiler pro~ection.

molxJcxi!IoN

The wing twisting moments contributed by a projected spoiler
are of interest in the consideration of flight at%igh speed in
which twist of the wing may become ~eat enough to cause an appre-
ciable loss in rolling effectiveness (reference 1). An investi-
gation was conducted in the Lan@ey lg-f’ochpressure tunnel to
study the effects of various spoiler projections and Syoiler spans
on the spanwise variations of section twisting-moment coefficients-

The present pap~r gives the results of measurements of the
aerodynamic characteristics of a wing of NACA 230-series airfoil
sections tested with six spoiler configurations. The twisting
moments were determined by a spanwise integration of the chord-
wise loadings at six stations along the left semispan of the wing.
The spoiler configurations included plain spoilere which extended 0.2
and 0.4 of the semisyan and pro~ected 4 and 8 percent of the local
chord from the 70-percent chord line ofithe left-wing panel. In
addition, perforated spoilers 0.2 and 0.4 of the eemispan were
tested with a pro~ection 8 percent of the local chord.

The tests were conducted,at a Mach number of 0.245 and a
Reynolds number of 7,350,000. Although the data were obtained
at a relatively low Mach number, they are believe& to indicate
~~litbtively the variation of twisting moment with span most
likely to be encountered at higher speeds.

SYMBOLS

CL lift coefficient (Lift/@)

cm pitching-moment coefficient (M/qSc’)

cl rolling-moment coefficient (L/qSb)

Cn yawing-moment coefficient (N/qSb)

.
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pressure coefficient - Po
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%/4
section pit-thing-momnt coefficient about the locELl-

qwter-chord point -.

+/4 increment of section pitching-moment coefficient due %0
spoiler projection

AC additional twisti.ng-mo~nt coefficient contributed by
spoilers
.
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Reynolds number (Pvc’/i.l)

free-streea~Mach nunber (V/a)

dynamic pressure, pounds yer square foot
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wiing

wing

wing

area, square feet
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ib/2

mean aerodynamic chord, feet ~
s C2 Q

Lo

mean geometric chord, feet (S/b]

local chord, feet

whg span, feet

mass density of

pitching moment

tiistxmonnt

air, slugs per cubic foot

about 0.25c’, pound-feet

about 0.25c, pound-feet .-
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yawing moment, pou.zyl.-feet
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L

PI

P.

x.

Y

a

v

P

a

rolling moment, pound-feet

local static pressure, pounds per square foot

free-stream static pressure, pounds per square foot

distance from leading cage along the chord, feet

lateral distance perpendicular to root-chord plane, feet

angle of attack of wing root chord, degrees

velocity of free strean, feet yer second

coefficient of viscosity of air, pound-seconds per square
foot

speed of sound in air, feet per second

MODEL, APPARATUS, ANDTESI’S

Model and apparatus.- A three-view drawing of the wing is
presented as figure 1. Pertinent geometric characteristics are
shown in this figure, The root section of the wing is an
NACA 23016airfoil section and the construction tip is an
NACA 23009 atrfoil section. The wing has a span of 12 feet, an
aspect ratio of 6, a taper ratio of 2:1~ and 4° of geometric
washout. A ccmplete description of the pressure apparatus is
given in reference 2. A photograph of the wing mounted in the
Langley 19-foot pressure tunnel is shown as figure 2.

The spoilers were so constructed that they simulated circular-
arc retractable spoilers [reference 3). They extended O*2 and OQk
of the semispan inboard frcm 0.9~ and projected 0.04 end 0.08 of

the local chord.. Perforated spoilers were tested with the 0.080 pro-
~ections onl~. AU the spoilers were mounted on the upper surface
of the left-wing panel at the 70-percent chord stations. A photo-

graph of the 0,$, 0.08c perforated’spoiler is shown as figure 3.

A cross section of a typical spoiler mounted on the wing is pre-
sented in figure 4.

Tests.- AU the tests were made with the air in the tunnel
‘1

compressed to approximately 2- atmospheres. By proper adjustments
3



to the dynamic pressure, the maximum deviation from a Reynolds
number of 7,350,000 was *10,OOO and the maximum deviation from a
Mach number of 0.245 was ti.002 throughout the tests.

The forces and moments were measured by a six-ccmponent
simultaneous-recordingbalance system through an angle-of-attack
range from -3.7°through the stall.

Pressure-distribution tests were made for all configurations
at angles of attack of O.1O, lZ.7°, ana 19.0°.

CORRECTIONS AND REDUCTION OF DATA

Corrections.- The angles of attack have been correctea for
Jet-boundary effects and for air-stream misalignment, and the lift
and pitching-moment coefficients have been corrected.for model-
support interference as determines from tare tests. In addition,
the rolling-moment and yawing-moment coefficients have been cor-
rected for model aey?mnetryanclfor Jet-boundary effects in accord-
ance with the methods of references 4 and 5. The effects of model-
support interference on the local static pressures were assumed
to be negligible. The pressure coefficient, however, is baseii
on average valuee of dynamic pressure and static pressure across
the span.

Reduction of data.- !l?heforce antimoment &ata were reduced to
standard nondimensional coefficient form. The wing pitching moments
were com~uted about the quarter-chord point of the mean aerodynamic
chord.

The pressure-distribution data.were reduced to the form of
the pressure coefficient P. The pressure coefficients were plotted
against the chord and thiclmess, ana the resulting diagrams were
mechanically integrated to furnish the section pitching-moment
coefficients. Diagrams of the section pitching-moment coefficients
were integrated about the quarter-chora line, which was assumed to
be the elastic axis, to obtain the section twisting momentss The
elastic axis usually varies within @.05c from the quarter-chord.
line; hGwever, it was pointed out in reference 6 that, in a steady
roll, the error involves in computing the-twisting moments about”
the quarter-chord line is negligible. The Wistingmoment6 con-
tributed by spoiler projections are presented in the form of a
nondimensional coefficient defined as follows:
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REtKJLTSAND DISCUSSION

The results of the tests of a wing of NACA 2~-series airfoil
sections with and without spoilers are presented in figures 5 to 9.
Chordwise-pressure~diatributiondiagrams for the spoiler off; the

O.O&-projection, O.h~-spa,nspoiler; and the O.O’&-projection,

0.4+-span perforated ;poileirare presented in f@ure 5? These

data are representative of the chordwise pressure distributions
obtained for all the spoiler confi~ations and, inasmuch as they
show the maximum effects, are the only ones presented,.

.

s
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The effect of
moment coefficient

a pro~ected.spoiler on the sec’tionpitching-.
can be seen by comparing the pressure distri-

butions without spoilers and the pressure distribution with tine

O.O&-projectionj 0.,4~-spanplain spoiler. (See figs. 5(d.)

to 5(f).) In front of the spoiler, the pressure coefficients are
increased positively Orithe upper surface and are increased neg&t-
tively on the lower surface. These changes in pressure distr~bu-
tion ahead of the spoiler cause a positive incresse to the spoiler-
off pitching-moment coefficient. Behind the spoiler, however, the
pressure coefficients are increased negatively on both the upper
and lower surfaces. This pressure region contributes a negative
increment of pitching-moment coefficient and may be regarded as a
balancing moment when compared.with the positive increment of
pitching moment contributed by the pressure region ahead of the
spoiler. The negative pitching mcmmnt developed behind the spoiler
is greatest near the wing tip. Figure 5 showS that the principal
effect of the perforations on the pressure distribution obtained
with a projected spoiler occurs in the region directly behind the
spoiler. The flow of air through the perforations increases
positively the pressure coefficients on the upper surface and,
hence, reduces the ne~tive incre~nt of pitching-manent coefficient.

The spanwise veriatione of section pitching-moment coefficient,
obtained from integrations of the chordwise-pressure-d.istribution ““”
data, are present$d in figure 6. A comparison of my particular
spoiler at the three angles of attack shows an appreciable decrease
in the Increment of section pitching-moment coefficient near the
stall. This decrease is primarily the result of the Increase in
spoiler-off pitching moment with angle of attack whereas the
spoiler-on pitching moment is relatively constant.

The spanwiee variations of section pitching-moment coeffi-
cient for .s11spoiler configurations at an angle of attack of O.1°
(fig. 6) were integrated to obtain the spanwise variations of
section twisting-moment coefficient in a high-speed-flight attitude
(fig. 7). Projecting a spoiler, for most configurations, caused
a positive sectim twisting moment. As indicated in figure 6,
the influence of the spoiler on the section pitching-moment coef-

ficient extends approximately O.E+ inboard of the spoiler. This

spanwise location corresponds to the point at which the maximum
values of twist”ing-momentcoefficient due to the spoilers AC+.

max
were attained (fig. 7). For each spoiler configuration, the
increased balancing mcment near the tip reduces the positive
twisting moments over the span of the wing. The balanclngmom&nt

.—

,-
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developed by the O:O~lc-projection,0.2&span spoiler (figs 7) ~EI

actually greater than the positive increment.due tc--theloss in
lift (fig. 8), end small negative increments of &2T are obtained-

For the spoiler configurations tested, the ratios of the.chang~
l.nmaxinw twisting-moment coefficient due to he spoiler per unit

4 JAcTmx
change in rolling-moment coefficient are presented in

Am
Q&z

the following table for ct= O.1O:

Configuration .

Change in spoiler span

from O.2~ to 0.+

Change in spoiler projection
from O.04c toO.O&

Spoiler
projection
(fraction
of’chord)

Spoiler syan
(fraction of
semtspan)

‘l’”::~I ‘“
L I

‘(%W)

-0.59
-.66

-.32
-.51

The values of AC. and CT were obtained from figures 7
‘max “

and 9. Whe~ the span of the spoilers of 0,04c and 0008c proJec-

ticms ,isincreased inboard from 0J2~ to O.&, the values

‘(%EJ
of ——

%
projection of

from Oo04c to

respectively.
in span or an

and C2; but

L “d

become -0.59and -0.66,respectively. When the

the spoilers of 0/! span and 0.4~ syan is increased

‘(’%W.)
0.08c, the values of —— are -O*32 and -0.51,

%
These ratios indicate that either an increase
increase in projection causes an increase in both ~Tmax ‘

for a given change In rolling-moment coefficient, the

increaee in span will cause a greater increment of ACT than
+

will an increase in projection. Although the magnitude% these
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ratios are applicable only to the projections and spans tested, the
trends apyear to be generally true. Because of the
moment developed near the tip, the lowest value of

given value of cl can be obtained by locatinq the

of the spoiler as near the tip as feasible.

large balancing
ACTMX for a

outboard end

Figu3?eT“showe that psrforaticns caused an increase in MT
mx

over the value obtained with the plain spoiler althcmjl the rolling-
mcment coefficients (fig. ~) were approximately the ssme. The
increase in &Tmx with a perforated spoiler is a result of the

reduction in balancing momqnt due to air flow ttiou@ the l?er~ora-
tions.

Reference 7 contains ptiessure-distributiondia$rme ov?r a .
wing with an aileron and %?th a spoiler. The pressure coefficient S
of reference 7 is equal.to 1 - P in the notation of.the present
paper, thus a value of S greater than 1 corresponds to a negative
value of P. The part of the diagrams ahead of the spoiler is
similar to the part ahead of the ailsrcn. The pressure coeffi-
cients P over the aileron, however, are posltive;whereas the
pressure coefficients P behind the spoiler are ne@tive. Pressure- ._ ._
distribution diagrams over an aileron, therefore, do not indicate
a balancing mcment as they do for a spoiler, which would seem to
indicate that the twisting-moment coefficients contributed by an
aileron would be more severe than those contribut~d by a spoiler.

SUMMARY OF RESULTS

The results of tests of several spoilar
wing of NACA E30-series airfoil sections may
follows:

1. The influence of a projected spoiler

arrangements on a —
be summarized es

on the section pitching-
mcment coefficients extended a~proximately ti~percent of the semi- -
span inboard of the spoiler. The maximum twisting-u’nznt coeffi- .
cients of the low-angle-of-attack condition were reached at this
s~anwise location.

---

2. A region of negative pressure coefficients existed directly
behind the projected spoiler and diminished the positive pitching-
moment tendencies. This low pressure region became larger near
the tip and, In some caees, caused negative local twisting nmmonts.
Consequently, the smallest maximum twisting-moment coefficient due
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to a spoiler for a given rolling-moment coefficient_~y be ~btained,
by locating the outboard end of the spoiler as close to the tip as
possible to take advanta~e of the increased balancing moment,

3. The perforations caused the pressure coefficients directly
behind the spoiler to in~rease, a~d a greater maximw. ttistin~-
moment coefficient resulted. The rolling-mcment coefficients of
the perforated and the plain spoilers, however,,were the same
wi,thlnthe experimental accuracy of the tests.

4. Either an extension of the spoiler span inboard from the
tip or an tncrease in spoiler projection increased both the twisting-
moment coefficients due to the spoiler and the rolling-moment coef-
ficients. For a given change in rolling-moment coefficient, how-
ever, an extension of the spoiler span resulted in greater increases
in twisting moments due to the spoiler than did an increase in
spoiler pro~ection. ..

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Vs., January 26, 1947
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Figure 3.-
b

Perforated spoiler projecting O.08c and extending O.4;
mounted on wing of NACA 23-series airfoil sections.
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Figure6.- Spanwise variation of section pitching-moment coefficient
of a wing of NACA 230-series airfoil sections with several spoiler
arrangements. R = 7,350,000; ~ = 0.245.
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